Background: An interprofessional elective using a student-run clinic can introduce students to professional roles, collaborative patient care, and health disparities.
Introduction
Interprofessional education (IPE) and practice are increasingly called upon as essential competencies in health professions education. IPE occurs when two or more professions learn with, from, and about each other to improve collaboration and the quality of care [1] . The Institute of Medicine: Bridge to Quality report endorses the movement toward an interprofessional approach to patient care [2] . Additionally, many health professions organizations, such as the Association of American Medical Colleges and the American Association of Colleges of Pharmacy (AACP), include interprofessional health education and practice as strategic areas in which the organization and members should engage. AACP has further endorsed the value of interprofessional teamwork by including it as a criterion in AACP accreditation standards.
Creating optimal IPE experiences in undergraduate health professions' education is no easy task. Determining how the interprofessional education content is delivered
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(e.g., classroom didactic-based, case-based, experiential) has been researched and no clear results have been published [3] . Most experts agree that a combination of these curricular components may be ideal for the integration of interprofessional education into the curriculum. Common competencies for IPE include understanding team organization/function, assessing and enhancing team performance, communicating with team members, demonstrating leadership, resolving conflict and building consensus, and setting common patient care goals [4] . IPE experiences should be designed to achieve these competencies.
There are successful models of IPE reported in the literature. Reviews of some key evidence suggest it is important that IPE authentically reflects current and future practice models and principles of adult learning [3, 5] . There is evidence that IPE has positive or neutral effects on student attitudes and behaviour; however, rigorous examples and outcomes are lacking [3, 6] . Service-learning using a student-run clinic is an example. There are models of interprofessional student-run free clinics; however, limited information on these interprofessional clinics has been published. Continued publication of IPE examples and outcomes is needed to establish the impact of this educational model for the future. The study described in this article may serve as such a model.
The objectives of this study were two-fold: 1) to describe the interprofessional elective, including the didactic course and patient care activities at a student-run free clinic, and 2) to evaluate changes in student attitudes toward interprofessional healthcare, professional roles, and teamwork before and after participation in the interprofessional elective.
Methods

Context
The Medical University of South Carolina (MUSC) is a free-standing academic health sciences centre located in Charleston, South Carolina. MUSC consists of six colleges, including dental, health professions and graduate studies, medicine, nursing, and pharmacy. Currently MUSC is engaged in a ten-year interprofessional education initiative, "Creating Collaborative Care. " This is a plan to promote an institutional culture, learning environment, and infrastructure that enhances MUSC graduates' abilities to participate as effective team members in interprofessional collaborative healthcare delivery or research.
Interprofessional service-learning elective The interprofessional service-learning elective, "Caring for the Community, " was developed in 2005 and offered to 50 students involving four professions (25 first-/second-year medical students, 15 first-year physician assistant students, 5 third-year pharmacy students, 5 first-year physical therapy students) each semester at MUSC. The course was offered as an interprofessional two credit-hour elective graded by pass/fail method. The didactic portion of the elective consisted of 11 lectures held one evening each week for two hours. Students in the elective were assigned to small interprofessional groups (five members) and they participated in weekly lectures involving many active learning strategies. The weekly lectures focused on basic clinical skills, issues with the uninsured and healthcare disparities, social resources, and interprofessional teamwork (Table 1 ). In addition to the lectures, each interprofessional student group participated in a quality improvement project related to the student-run free clinic, with each member of the profession contributing to the project and teaching other members from their own healthcare perspective (Table 2 ). Each student group was also responsible for presenting an interprofessional patient case encountered in the student-run free clinic; presentations incorporated clinical and social issues highlighting interprofessional patient management. Additionally, each student was required to provide patient care at the clinic five evenings per semester (clinic details are discussed below). Each week the students emailed reflections to course directors; many of them were related to their interprofessional experiences in the clinic and didactic sessions. A few reflections were selected and presented at the weekly didactic sessions. Implementation of these activities within the elective course fulfilled the suggested IPE competencies [4] .
The didactic course was co-directed by three interprofessional medicine and pharmacy faculty that hold positions in the colleges of pharmacy, health professions, and medicine at MUSC. The didactic sessions were team-taught by a variety of interprofessional faculty and preceptors including pharmacists, physician assistants, and physicians. The directors of the elective felt that it was important to expose students to a variety of interprofessional faculty members as well as students. Table 3 Interprofessional healthcare team dynamics at the student-run free clinic.*
Usual
Step Interprofessional Action Comment
Team
Introduction and Planning
Interprofessional teams formed (medical student(s), pharmacy student, physician assistant student) at the beginning of evening before clinical visits begin
Teams are encouraged to discuss roles and expectations for each patient visit (e.g., first-year medical student conduct history, second-year medical student and physician assistant student conduct physical exam, pharmacy student conduct medication history, fourth-year medical student supervise) Typical team actions include -first-year medical student and pharmacy student write prescriptions and counsel the patient -second-year medical student and physician assistant student obtain blood work -first-year medical student writes referral for specialty service needed -pharmacy student begins to counsel on chronic disease /lifestyle modifications -all students wrap-up visit and answer questions
The actions are based upon the needs of the specific patient and will vary All students enrolled in the interprofessional elective course provided patient care five evenings during the semester. These students worked in interprofessional healthcare teams from start to finish of the patient encounter. Each interprofessional team was made up of a pre-clinical medical or physician assistant student, a pharmacy student, and an upper-level medical student volunteer who was not enrolled in the elective. These teams conducted a patient interview and presented their findings, assessment, and plans to attending preceptors (physicians, physician assistants, nurse practitioners, and pharmacists). They also provided patient education and documented details of the visit in the medical record. The attending preceptors modeled competent interprofessional team behaviours and encouraged positive team interactions among the students. Clinical services provided at the student-run free clinic included primary care (medical, pharmacy, physician assistant), OB/GYN, psychiatry, physical therapy, and group diabetes education. Examples of the interprofessional team dynamics for a typical primary care visit are provided in Table 3 .
Assessment
Student attitudes toward interprofessional healthcare, professional roles, and teamwork were assessed using an electronic survey (Survey Monkey, Inc.). Students enrolled in the elective (data collected spring 2008, fall 2008, spring 2009) were encouraged to complete the anonymous survey using a five-point Likert scale. The survey was sent to the students one week prior to the first class to assess student attitudes before the elective. The same survey was sent to the students one week after the completion of the elective.
The investigators developed a 17-question survey (Appendix 1) that was piloted to students enrolled in the elective in an earlier semester and then revised based on student and faculty feedback. The final survey used in the study included eight questions from the Readiness for Interprofessional Learning Scale (RIPLS). The RIPLS is a validated 19-statement scale assessing 3 sub-factors: teamwork and collaboration, professional identity, and roles and responsibility for undergraduate health professions' education [7] [8] . Some questions were modified or removed from the original RIPLS scale to be more applicable to the students specifically in the elective. The remaining nine questions, which were developed by the investigators, assessed student confidence in working on interprofessional teams, in the role of interprofessional teamwork in the future, and in understanding the roles of the specific health professions' students enrolled in the course. The survey items developed by the investigators were not validated.
Statistical analysis
Statistical analyses were performed using the Microsoft Excel statistical package. Demographic data were analyzed using descriptive statistics. Pre-elective survey results for all students completing the elective in any semester were combined for analysis, as were the results of the post-elective survey. Overall scores on each RIPL sub-factor were not assessed; each survey item was assessed individually using the independent Student's t-test.
The study was approved by the Institutional Review Board at MUSC.
Results
A total of 113 students were enrolled and completed the IPE elective over three semesters: 67 medical students, 41 physician assistant students, 15 pharmacy students, and 10 physical therapy students. Of the students enrolled, 93 (82%) completed the pre-survey and 74 (65%) completed the post-survey. There were no differences between pre-and post-survey results for any of the RIPLS questions. However, there were significant differences between pre-and postsurvey results for the investigator-developed survey items centred on understanding professional roles. Significant improvements were seen in attitudes toward "increased experience working in interprofessional healthcare teams" and "understanding roles and responsibilities of different health professions' team members. " There was a significant increase in the degree of experience working with students from another profession in an interprofessional team after the elective (M = 4.4; SD = 0.8) compared with before the elective (M = 3.6; SD = 1.1); t(df) = 5.68(165), p < 0.0001. Significantly more students understood the role of physician assistants within an interprofessional team after the elective (M = 4.2, SD = 0.9) compared with before the elective (M = 3.9, SD = 0.9); t(df) = 2.43(164), p = 0.02. There was a trend toward increased understanding of the role of pharmacists within an interprofessional team, but it did not reach statistical significance (pre-elective M = 4.1, SD = 0.8; post-elective M = 4.4, SD = 0.8; t(df) = 1.87(165), p = 0.06). Understandings of the roles of medicine and physical therapy did not significantly change but remained high before and after the elective (Table 4) .
Discussion
Implementation of an interprofessional service-learning elective that included didactic and service experience at a student-run free clinic sustained or improved student attitudes about interprofessional roles, healthcare, and teamwork. Attitudinal outcomes evaluated included teamwork and collaboration, professional identity, and roles and responsibility using a modified version of the RIPLS survey. Incorporation of several methods (including didactic sessions, group projects, and clinical experiences) to teach the fundamentals of interprofessional teamwork to a 
RIPLS Survey Items
Clinical problem-solving skills should only be learned with students from my own discipline. Patients ultimately benefit if students and healthcare professionals work in interprofessional teams to solve patient problems.
4.6 4.6 0.71
Table 4 Student survey results: interprofessional attitudes
Evaluated using Likert scale 1 through 5: 1=strongly disagree, 5=strongly agree *P-values were derived from independent sample t-tests. These p-values are conservative estimates of the true pre-post differences, given that many of the survey responses were by the same individuals. See text for a more thorough explanation.
group of health professions' students, including medicine, pharmacy, physician assistant, and physical therapy, was effective.
While there are several examples of IPE models in the literature, many lack outcome data and are merely descriptive in nature. The most recent Cochrane Review concluded that IPE has positive or neutral outcomes on professional practice and patient care, but more rigorous evaluations are needed [6] . Another systematic review identified and analyzed data from additional IPE studies. The review concluded that IPE is well received and may change attitudes and patient outcomes, but more conclusive evidence is warranted [3] . Descriptions of IPE initiatives specifically in undergraduate health professions' education are more limited. In addition, the ideal educational settings for these activities have not been established. Experts have advocated creating IPE activities that increase in complexity over time using cooperative and experiential learning [9] . The interprofessional elective described in this article serves as an example of this model.
There are some additional undergraduate health professions' IPE models reported in the literature. A required IPE session was provided to health professions' students in Canada. The session involved discussion about a patient case and discharge scenario. Students reported significant gains in understanding the importance of teamwork and the roles of other professions [10] . A required IPE experience using a complex standardized patient has been reported. Nursing, medical, and pharmacy students developed an interprofessional care plan for the standardized patient. Reflective comments before and after the experience captured by only one profession (pharmacy) were reported, and students' awareness of other professions' roles increased [11] . The longitudinal evaluation of a three-year IPE curriculum using a variety of curricular modalities delivered to medical, nursing, pharmacy, and social work students was reported. There was no significant change in attitudes regarding interprofessional collaboration over time; however, attitudes remained positive throughout the longitudinal evaluation period [12] . Our findings add to the body of evidence assessing student attitudes and awareness about interprofessional roles, teamwork, and healthcare.
In contrast to many of the models discussed, our findings used aspects of actual direct patient care. Developing IPE activities within student-run free clinics is a way to promote interprofessional collaboration in an experiential setting. Student-run free clinics are increasing in popularity, and a majority of medical schools in the United States are affiliated with these clinics. Traditionally, these clinics have been initiated and run by medical students focusing on acute and chronic healthcare delivery [13] . Increased involvement of other health professions in student-run free clinics has evolved. Student-run free clinics in Washington and California provided interprofessional clinic services in addition to health education strategies to patients. Students involved with the clinics were also involved in a didactic course and various reflection exercises; outcomes associated with these experiences were not reported [14] [15] . The literature on interprofessional student-run free clinics is descriptive, and evaluation of the effects of this type of IPE experience on student attitudes has not been widely published. Our findings move beyond descriptive commentary and assess actual changes in student attitudes associated with their experiences in an interprofessional student-run free clinic.
Our interprofessional elective affiliated with a didactic course and student-run free clinic adds to the current evidence of undergraduate IPE activities. The elective course is applicable to the students' current and future settings, which has been identified as a critical element to the success of IPE. The elective course uses a variety of methods to promote interprofessional collaborations through cooperative and experiential learning; examples include an interprofessional quality improvement project for the clinic, presentation of an interprofessional patient case, and providing care to patients in interprofessional teams at the student-run free clinic. The course fulfills desired IPE competencies that have been published in the literature. In addition, it was developed, directed, and team-taught by interprofessional faculty who model interprofessional collaboration for the undergraduate students and assure that all health professions' interests are represented. A large number of students from four professions are represented in our sample with a relatively high response rate for a voluntary survey. Most importantly, the authors have gone beyond description of the interprofessional course. Student attitudes were assessed using a survey that was modified from existing validated instruments in the literature, and outcomes were analyzed with appropriate statistical methods. The course is described in detail and could be implemented at many universities, especially where student-run free clinics are already established.
Despite what this course adds to the current body of literature, it is not without limitations. Because many of the pre-and post-elective surveys were completed by the same individuals, and because our survey was completed anonymously (thus making it impossible to conduct paired t-tests), the p-values obtained from the ttests are actually conservative estimates. In other words, if we had been able to link subjects' pre-and post-elective surveys and perform a paired t-test, the resulting pvalues would have been smaller than what was observed in the independent sample t-test. In addition, an equal representation of each health profession was not accounted for, and survey results were not separated by profession to determine if there were differences among the groups. This course was an elective, and students that enrolled may have already had positive attitudes regarding interprofessional collaborations. Not all students enrolled in the elective participated in the survey because it was not a mandatory portion of the elective. The study design used a before and after approach; a more rigorous study design would have included a control group. However, having a control group was not feasible in this educational research because all students enrolled in the course needed the same experience. Assessment strategies only focused on changes in attitudes using a modified survey instrument that was applicable to the elective course; however, many of the questions on the survey were not validated. It is unknown which components of the interprofessional elective contributed to the changes in attitudes seen in our course. Further studies are needed to determine what makes an interprofessional elective successful. Finally, long-term assessment beyond student attitudes is needed to determine if this experience changes student behaviour or patient outcomes.
Summary
An interprofessional service-learning elective provided to students from four professions (medicine, pharmacy, physician assistant, and physical therapy) improved or sustained positive attitudes regarding interprofessional roles, healthcare, and teamwork. The most significant impact was on increased student experience working in interprofessional healthcare teams and increased understanding of health professions' roles. Future assessment is warranted to determine if an interprofessional elective experience can change student behaviours or improve patient outcomes. 
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